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Figure 5A
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Figure 6
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Figure 7A
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BODY FLUID BIN1 AS A MARKER OF
CARDIAC HEALTH

CROSS-REFERENCE TO EARLIER FILED
APPLICATION

Pursuant to 35 U.S.C. §119(e), this application claims pri-
ority to U.S. Provisional Patent Application Ser. No. 61/405,

044, filed Oct. 20, 2010, which application 1s 1ncorporated
herein by reference 1n 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under

Grant No. HL.094414 awarded by the National Institutes of
Health (NHLBI). The government has certain rights in the
invention.

TECHNICAL FIELD

This 1nvention relates to cardiac health and methods to
assess the same.

INTRODUCTION

During the last decade, heart failure has burgeoned into the
most prominent public health problem in cardiovascular
medicine. Heart failure afiects close to 23 million people
worldwide and approximately 6 million Americans. The
pathophysiology of heart failure, however, 1s still not well
understood and the mortality and economic burden from this
disease remains high. Development of cardiac biomarkers
have aided 1n determiming diagnosis of acute heart failure as
well as that of myocardial infarction.

However, there 1s a need for a marker that measures the
steady-state biochemical health of a heart. There 1s also a need
for a marker that can reliably prognosticate future outcomes
for heart failure patients.

SUMMARY

The present disclosure provides methods involving use of
BIN1 protein levels 1n biological fluid of a subject 1n evalu-
ating cardiac health of the subject. The methods also find use
in assessing patients who have heart failure. These methods
are also usetul 1n assessing therapy options and efficacy of
treatment 1n heart failure patients and patients who have had
heart transplants.

Accordingly, a method for assessing cardiac health of a
subject 1s provided. The method comprises determining a
BIN1 protein level 1n a bodily fluid sample obtained from the
subject and using the BIN1 protein level to assess the cardiac
health of the subject, where a decreased BIN1 protein level in
the bodily fluid sample compared to a normal BIN1 protein
level 1s positively correlated to poor cardiac health. In certain
embodiments, the subject may be an individual with a non-
acute heart condition. In certain embodiments, the subject
may be an 1idividual with risk factors associated with heart
failure. In certain embodiments, the subject may be a chronic
heart failure patient.

In certain embodiments, BIN1 protein level may be used to
determine a cardiac functional classification of the heart fail-
ure of a patient with a non-acute heart condition, where the
BIN1 protein level 1s correlated with the cardiac functional
classification. In certain embodiments, BIN1 protein level
may be used to determine a cardiac functional classification
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of the heart failure of a chronic heart failure patient, where the
BIN1 protein level 1s correlated with the cardiac functional
classification. In certain embodiments, the chronic heart fail-
ure patient may be undergoing treatment for heart failure. In
certain embodiments, the treatment may comprise use of a
mechanical assist device. In certain embodiments, the treat-
ment may comprise a heart transplant. In certain embodi-
ments, the treatment may comprise 1ImMmunosuppressive
therapy.

In certain embodiments, the body fluid sample assayed 1n
the method described herein may comprise a blood sample, a
serum sample, or a plasma sample.

Also provided 1s a method of predicting a risk of poor
outcome 1n a subject, the method comprising determining a
BIN1 protein level 1n a bodily fluid sample obtained from the
subject; and using the BIN1 protein level to predict the risk of
poor outcome 1n the subject, wherein a decreased BIN1 pro-
tein level 1n the bodily fluid sample relative to normal BIN1
protein level 1s correlated to an increased risk of a poor
outcome.

In certain embodiments, the subject may be a subject with
a no-acute cardiac condition. In certain embodiments, the
subject may be a subject diagnosed with chronic heart failure.
In certain embodiments, the subject may be undergoing treat-
ment for heart failure. In certain embodiments, the treatment
for heart failure may include drug therapy. In certain embodi-
ments, the treatment for heart failure may include a mechani-
cal assist device.

In certain embodiments, the increased risk of a poor out-
come may comprise increased risk of heart failure. In certain
embodiments, the increased risk of a poor outcome may
comprise 1mcreased risk of cardiac mortality.

Also disclosed herein 1s a method of facilitating a diagnosis
of an acute cardiac condition, such as a major cardiac event,
in a subject, the method comprising determining a BIN1
protein level 1in a bodily fluid sample obtained from the sub-
ject; and using the BIN1 protein level to facilitate a diagnosis
of an acute cardiac condition 1n the subject, wherein an
increased BIN1 protein level in the bodily fluid sample rela-
tive to normal BIN1 protein level 1s indicative of an acute
cardiac condition. In certain embodiments, the subject may
be diagnosed with heart failure. In certain embodiments, the
subject may be undergoing treatment for heart failure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B depict the serum BIN1 protein levels 1n
patients with heart failure and 1n an age matched control

group without heart failure.

FIGS. 2A and 2B show that serum BIN1 protein level does
not correlate with gender (FIG. 2A) or with age (FIG. 2B).

FIGS. 3A and 3B show that serum BIN1 protein level does
not correlate with weight (FIG. 3A) or with body mass index
(BMI) (FIG. 3B).

FIGS. 4A and 4B show that serum BIN1 protein level does
not correlate with left ventricular ejection fraction (LVEF)

(FIG. 4A) or with pulmonary capillary wedge pressure
(PCWP) (FIG. 4B).

FIGS. 5A and 5B depicts that serum BIN1 correlates with
cardiac output (CO) (FIG. SA) and with cardiac index (CI)

(FIG. 5B).

FIG. 6 shows that serum BINI1 correlates with New York
Heart Association (NYHA) functional class (Class 1-Class
4).

FIGS. 7A and 7B depicts that low serum BIN1 correlates
with a higher risk of mortality.




US 8,999,659 B2

3

FIG. 8 shows that plasma BIN1 1s lower 1n arrhythmogenic
right ventricular cardiomyopathy (ARV C) patients with heart

failure.

FIG. 9 illustrates that plasma BIN1 predicts severe heart
disease (heart failure and/or ventricular arrhythmia) in ARVC
patients.

FIG. 10 shows that plasma BIN1 predicts future ventricular
arrhythmias.

FI1G. 11 illustrates that plasma BIN1 decreases with ARVC
progression.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Before the present invention 1s described, 1t 1s to be under-
stood that this mnvention 1s not limited to particular embodi-
ments described, as such may, of course, vary. It 1s also to be
understood that the terminology used herein 1s for the purpose
of describing particular embodiments only, and 1s not
intended to be limiting, since the scope of the present mven-
tion will be limited only by the appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range 1s also specifically
disclosed. Each smaller range between any stated value or
intervening value 1n a stated range and any other stated or
intervening value in that stated range 1s encompassed within
the mvention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are
included 1n the smaller ranges 1s also encompassed within the
invention, subject to any specifically excluded limit in the
stated range. Where the stated range 1includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the 1nvention.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill 1in the art to which this mvention
belongs. Although any methods and matenals similar or
equivalent to those described herein can be used 1n the prac-
tice or testing of the present 1nvention, some potential and
exemplary methods and materials are now described. All
publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or mate-
rials 1n connection with which the publications are cited. It 1s
understood that the present disclosure supersedes any disclo-
sure ol an 1ncorporated publication to the extent there 1s a
contradiction.

It must be noted that as used herein and 1n the appended
claims, the singular forms *““a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a sample™ includes a plurality of
such samples and reference to “the sample™ includes refer-
ence to one or more samples and equivalents thereolf known to
those skilled 1n the art, and so forth.

It 1s Turther noted that the claims may be drafted to exclude
any element which may be optional. As such, this statement 1s
intended to serve as antecedent basis for use of such exclusive
terminology as “solely”, “only” and the like in connection
with the recitation of claim elements, or the use of a “nega-
tive” limitation.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
tion. Nothing herein 1s to be construed as an admission that
the present invention 1s not entitled to antedate such publica-

tion by virtue of prior invention. Further, the dates of publi-
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cation provided may be different from the actual publication
dates which may need to be independently confirmed.

DEFINITIONS

The term “prognosis’™ as used herein refers to a prediction
of likelihood of a particular outcome of a disease 1n a patient,
such as likelihood of survival in a subject with poor heart
health, for example, a cardiac disease patient, such as a CHF
patient.

The terms “evaluate” and “assess™ are used interchange-
ably herein broadly to refer to facilitating diagnosis and/or
prognosis ol a condition of interest, and can include assessing
the severity of the condition. Accordingly, in the present
disclosure, “evaluate” and “assess” can encompass, for
example, use of BIN1 protein levels to assess the heart health
of a subject, determine a likelihood of a poor clinical outcome
(e.g., deterioration of heart health within a selected period of
time), and facilitate monitoring of a cardiac condition over a
given period of time. For example, BIN 1 protein levels may
be used to assess ellicacy of a given treatment regimen to
improve heart health, and can be used to monitor, predict, or
track (1.e., watch or observe), the progression of a cardiac
condition 1n a patient over a period of time.

The terms “body flmd,” “bodily fluid,” and “biological
fluid™ are used interchangeably herein, refer to a biological
sample of liquid from a subject, for example, a mammal, e.g.,
from a human. Such fluids include aqueous fluids such as
blood (e.g., whole blood or a fraction thereof (e.g., serum,
plasma), where the blood may be obtained from any arterial or
venous source 1n the body) and pericardial fluid. Particular
bodily fluids that are of interest 1n the context of the present
disclosure include whole blood, serum, plasma, and other
blood-derived samples, wherein the term “blood sample”™ 1s
meant to encompass whole blood or fractions thereof (e.g.,
serum, plasma). The types of sample can be selected so as to
be compatible with the assay format.

“Poor heart health” or “poor cardiac health™ as used herein
refers to the health of heart of a subject where the heart 1s
functioning at a sub-optimal level compared to the optimal
level of function of a normal healthy heart such that the
subject may be at risk of developing an acute heart condition
such as having a major cardiac event in the future. A heart
classified as a heart 1n poor health 1s likely to deteriorate 1n
function, for example, develop an acute heart condition, e.g.,
heart failure exacerbation, without medical intervention or
other preventative actions.

“Poor outcome™ or “poor cardiac outcome™ as used herein
in the context of a subject (e.g., a heart failure patient) refers
to an outcome associated with declining or poor heart health,
such as an acute cardiac condition, e.g., a major cardiac event
which can lead to cardiac mortality. “Poor outcome”
includes, for example, 1n a given time period, a failure of lett
ventricular ejection fraction (LVEF) to improve or the need
for mechanical device support (e.g., a left ventricular assist
device (LVAD) implant), or the need for a heart transplant, a
major cardiac event, or cardiac death.

The phrase *“cardiac functional classification” as used
herein refers to classifying a heart failure patient on the basis
ol the functional status of the heart of the heart failure patient.
Cardiac functional classification may be an art accepted stan-
dard such as the NYHA functional classification, American
College of Cardiology/American Heart Association (ACC/
AHA) functional classification, for example.

As used herein the term ““correlated” 1s used to refer to a
statistical association between two variables which may be a
linear or a non-linear association and which may apply across
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particular ranges of the variables. “Positive correlation™ (or
“direct correlation”™) refers to a direct statistical association 1n
between a first variable and a second variable (e.g., a decrease
in BIN1 protein level relative to normal BIN1 protein level 1s
statistically associated with a decrease 1n cardiac health, and
an increase 1 BIN1 protein level relative to normal BINI1
protein level 1s statistically associated with an increase in
cardiac health). “Negative correlation™ (or “inverse correla-
tion”) refers to an inverse statistical association between a
first variable and a second variable (e.g., a decrease in BIN1
protein level relative to normal BIN1 protein level 1s statisti-
cally associated with an increased risk of poor outcome).

The terms “heart failure” (HF) or “congestive heart failure”™
(CHF), and “congestive cardiac failure” (CCF), are used
interchangeably herein, and refer to a clinical condition that
may result from any structural or functional cardiac disorder
that 1mpairs the ability of the heart to fill with or pump a
suificient amount of blood throughout the body to maintain
adequate circulation of blood in the tissues of the body or to
pump out the venous blood returned to 1t by the venous
circulation.

The term “‘end-stage heart failure” refers to CHF that 1s
refractory to conventional medical therapy. Patients with end-
stage heart failure have a high mortality rate. These patients
frequently undergo multiple frequent hospitalizations, intra-
venous medications, and require surgical therapies such
intraaortic balloon pumps, ventricular assist devices, and
heart transplant.

The terms “end-stage dilated cardiomyopathy” and “end-
stage CHF” are used interchangeably herein.

The term “cardiomyopathy” or “heart muscle disease”
refers to the deterioration of the function of the myocardium
(1.., the heart muscle) for any reason. As used herein, the term
“cardiomyopathy” includes “extrinsic cardiomyopathies™
and “intrinsic cardiomyopathies™. In extrinsic cardiomyopa-
thies the primary pathology 1s outside the myocardium 1tseld,
for example, 1schemic cardiomyopathy. In intrinsic cardi-

omyopathies, weakness in the heart muscle 1s not due to an
identifiable external cause, for example, dilated cardiomy-
opathy (DCM). In DCM the heart (especially the left ven-
tricle) 1s enlarged and the pumping function 1s diminished.

The term “Ischemic cardiomyopathy” refers to cardiomy-
opathy that results from coronary artery disease, such as
atherosclerosis and occlusion of the coronary arteries.

The term “Non-1schemic cardiomyopathy™ refers to cardi-
omyopathy that 1s not due to coronary artery disease.

The term *“‘cardiac condition” refers to any decrease in
function of a heart of a subject. For example, a subject diag-
nosed with a heart failure, 1schemic cardiomyopathy, non-
ischemic cardiomyopathy, dilated cardiomyopathy, and the
like 1s diagnosed has having a cardiac condition.

The term “treating” or “treatment” of a condition or disease
includes providing a clinical benefit to a subject, and
includes: (1) inhibiting the disease, 1.e., arresting or reducing
the development of the disease or 1ts symptoms, or (2) reliev-
ing the disease, 1.¢., causing regression of the disease or 1ts
clinical symptoms.

The terms “individual,” “subject,” “host,” and “patient,”
are used interchangeably herein and refer to any mammalian
subject for whom diagnosis, treatment, or therapy 1s desired,
particularly humans. The mammalian subject may be canine,
equine, bovine, or humans.

Overview

The methods of the present disclosure are based on the
discovery that BIN1 protein level 1n body fluid of a subject 1s
usetul in assessing cardiac health of the subject and facilitates
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prediction of risk of poor outcome 1n a subject as well as
diagnosis of an acute cardiac condition.

In general, 1n a subject who does not have an acute heart
condition, decreasing BIN1 protein level in body fluid 1s
positively correlated with declimng health of cardiac tissue,
and thus with an increasing likelihood of a poor outcome 1n
heart failure patients. For example, as the cardiac health of the
subject decreases, the BIN1 protein level 1n a body fluid
sample of the subject decreases relative to a normal BIN1
protein level. For example, as the risk of cardiac mortality in
the patient increases, the BIN1 protein level 1n a body fluid
sample of the subject decreases compared to a normal BIN1
protein level. The term “cardiac mortality”, as used herein,
refers to patient mortality due to cardiac disease. Accord-
ingly, BIN1 protein level in body fluid can be used as a marker
of heart health as well as a prognostic marker that 1s assayed
to provide a BIN1 protein level value that decreases as the
health of heart tissue decreases.

BIN1 protein level in a body fluid sample 1s usetul 1n
providing a biochemical diagnosis of an acute cardiac condi-
tion, €.g., a major cardiac event, an acute heart failure exac-
erbation or acute coronary syndrome. A significant increase
in BIN1 levels 1n a body fluid of a subject relative to a normal
BIN1 protein level 1s indicative of an acute heart condition.

BIN1 protein levels can be assayed by detection of a BIN1
protein. Exemplary methods for assaying BIN1 protein level
are provided below.

The methods of the present disclosure are described 1n
turther detail below.

BIN1

Bridging integrator 1 (BIN1) gene encodes a nucleocyto-
solic protein which was 1nitially 1dentified as a Myc-interact-
ing protein with features of a tumor suppressor. BIN1 1s also
known as amphiphysin II, amphiphysin-like, and box depen-
dant MYC interacting protein 1. Alternate splicing of the
BIN1 gene results 1n ten transcript variants encoding different
1soforms. Some 1soforms of BIN1 are expressed ubiquitously
while others show a tissue specific expression. BIN1 1soforms
1-7 are expressed 1n neurons. Isoform 8 1s muscle specific
while 1soforms 9 and 10 are ubiquitous. Isoforms that are
expressed in the central nervous system may be involved 1n
synaptic vesicle endocytosis and may interact with dynanim,
synaptojanin, endophilin, and clathrin. Aberrant splice vari-
ants expressed 1 tumor cell lines have also been described.

BIN1 expression can be assayed by detection of one or
more of the BINI1 1soforms 1-10. BIN1 isoform 1 protein
(NP__647593.1), BIN1 1soform 2 protein (INP__647594.1),
BIN1 1soform 3 proteimn (NP__647595.1), BIN1 1soform 4
protein (NP__647596.1), BIN1 1soform 5 protein (NP__
647597.1), BIN1 1soform 6 protein (NP__647598.1), BIN1
1soform 7 protein (NP__647599.1), BIN1 1soform 8 protein
(NP__004296.1), BIN1 1soform 9 protein (NP_ 647600.1),

and BIN 1 1soform 10 protein (NP__647601.1) sequences are
available 1n the art.

In certain embodiments, BIN1 protein level may be
assayed by detection of BIN1 1soform 8 protein. In other
embodiments, BIN 1 protein level may be assayed by detec-
tion of BIN1 1soform 9 protein. In other embodiments, BIN1
protein level 1s assayed by detection of both BIN1 1soform 8
protein and BIN1 isoform 9 protein. In exemplary embodi-
ments, BIN1 protein level may be assayed by detection of an
amino acid sequence or a structural feature shared by BIN1
1soform 8 protein and BIN1 1soform 9 protein.

In general, BIN1 protein levels may be assayed by using
reagents that provide for detection of amino acid sequences
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and/or structural features shared by various BIN1 1soforms,
¢.g., by using an antibody that binds an epitope(s) shared by
two or more BIN1 1soforms.

Methods for Assaying BIN1 Protein Levels

BIN1 protein levels may be assayed by detecting a BIN1
polypeptide. The levels of BIN1 polypeptide may be detected
by an immunodetection assay, such as, quantitative western-
blot, immunoprecipitation, immunosorbent assay, etc.

In general, BIN1 protein level may be assayed 1n a sample
of body fluid from a patient. The body fluid may be a blood
sample, e.g., whole blood, serum, or plasma, for example.
The body fluid may be freshly obtained before assaying for
BIN1 protein level or may have been stored prior to the assay
and/or may have been processed otherwise. The patient
sample may be used directly, or diluted as approprate, usu-
ally about 1:10, about 1:100, about 1:500, about 1:1000,
about 1:10,000, and usually not more than about 1:50,000.
Immunoassays may be performed in any physiological
butler, e.g. phosphate butiered saline, normal saline, etc.
Immunodetection
Immunodetection methods may be suitable for detecting
the levels of BIN 1 protein. Thus, antibodies or antisera, such
as, polyclonal antisera and monoclonal antibodies specific for
BIN1 protein may be used to assess BIN1 protein level. The
antibodies can be detected by direct labeling of the antibodies
themselves, for example, with radioactive labels, fluorescent
labels, hapten labels such as biotin, or an enzyme such as
horse radish peroxidase or alkaline phosphatase. Alterna-
tively, unlabeled primary antibody 1s used 1n conjunction with
a labeled secondary antibody, comprising antisera, poly-
clonal antisera or a monoclonal antibody specific for the
primary antibody. In certain examples, BIN1 protein level in
body fluid from a patient may be compared to BIN1 protein
level 1n body tluid of a subject with a normal heart. Immuno-
detection protocols and kits are well known 1n the art and are
commercially available.

In certain cases, the amount of BIN1 protein present in a
body fluid sample may be determined by a western blot. For
example, proteins present in a body fluid sample, such as
serum, may be separated by SDS-PAGE; the separated pro-
teins transferred to a nitrocellulose membrane; BIN1 detected
by using an antibody or antiserum specific for BIN1. At least
one normalizing protein, for example, a housekeeping protein
such as 3-actin may also be detected simultaneously or 1n
parallel and used to normalize the BIN protein levels.

In alternative embodiments, BIN1 polypeptide level may
be determined by performing a BIN1 immunoprecipitation
using an excess ol ant1-BIN1 antibody, followed by separa-
tion of the immunoprecipitate by SDS-PAGE; the separated
proteins transierred to a mnitrocellulose membrane; and
detected by staining the gel, e.g., by Coommassie Blue or
silver staining. Immunoprecipitation of a control protein such
as ubiquitin may also be carried out either simultaneously or
in parallel. Optionally, the same procedure may be carried out
on corresponding body fluid from a normal subject.

In certain cases, an immunosorbent assay (for example, an
enzyme linked immunosorbent assay (ELISA)) may be used
to detect BIN1 protein levels. In general, a solid support 1s
first reacted with a solid phase component (e.g., BIN1 pro-
tein, or an ant1-BIN1 antibody) under suitable binding con-
ditions such that the component 1s suificiently immobilized to
the support. Optionally, immobilization of the solid phase
component to the support can be enhanced by {first coupling
the solid phase component to a protein with better binding,
properties. Suitable coupling proteins include, but are not
limited to, macromolecules such as serum albumins including
bovine serum albumin (BSA), keyhole limpet hemocyanin,
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immunoglobulin molecules, thyroglobulin, ovalbumin, and
other proteins well known to those skilled in the art. Other
molecules that can be used to bind the antigens to the support
include polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, biotin, avi-
din, streptavidin, and the like. Such molecules and methods of
coupling these molecules to the solid phase component, are

well known to those of ordinary skill 1n the art. See, e.g.,
Brinkley, M. A. Bioconjugate Chem. (1992) 3:2-13; Hashida

ctal., J. Appl. Biochem. (1984) 6:56-63; and Anjaneyulu and
Staros, International J. of Peptide and Protein Res. (1987)
30:117-124.

After contacting the solid support with the solid phase
component, any non-immobilized solid-phase components
are removed from the support by washing. Before adding the
biological sample or a fraction thereot, the non-specific bind-
ing sites on the insoluble support, 1.e., those not occupied by
a target peptide, are generally blocked. Preferred blocking
agents include non-interfering proteins such as bovine serum
albumin, casein, gelatin, and the like. Several detergents at
non-interfering concentrations, such as Tween, NP40,
1X100, and the like may be used.

In the embodiments where the support-bound solid phase
component 1s a BIN1 binding moiety, for example, an anti-
BIN1 antibody, the bound solid phase component 1s then
contacted under suitable binding conditions with the biologi-
cal sample being assayed. After washing, a solution contain-
ing a secondary binder moiety 1s added under suitable binding
conditions, wherein the secondary binder 1s capable of asso-
ciating selectively with the BIN1 bound to the BIN1 binding
moiety. A BIN1 binding moiety may be selected from an
ant1-BIN1 antibody, a BIN1 binding protein (e.g., Cavl.2),
for example.

In the embodiments where the support-bound solid phase
component 1s BIN1 polypeptide present in a body fluid
sample, the bound solid phase component 1s then contacted
under suitable binding conditions with a BIN1 binding moi-
ety, for example, an anti-BIN1 antibody. After washing, a
solution containing a secondary binder moiety 1s added under
suitable binding conditions, wherein the secondary binder 1s
capable of associating selectively with the BIN1 binding moi-
ety.

The presence of the secondary binder can then be detected
using techmques well known 1n the art. In a certain embodi-
ments, the solution containing a secondary binder moiety 1s a
solution containing a secondary antibody that binds to an
ant1-BIN1 antibody. The secondary antibody may be 1n the
form of monoclonal or polyclonal sera, €.g. mouse anti-hu-
man antibodies, goat anti-human antibodies, rabbit anti-hu-
man antibodies, etc.

Secondary antibodies may be labeled to facilitate direct or
indirect detection and/or quantification of binding. Examples
of labels which permit direct measurement of secondary
binder moiety binding include radiolabels, such as °H or '#°1,
fluorescent moieties, dyes, beads, chemilumnescent moi-
cties, electrochemilumnescent moieties, colloidal particles,
and the like. Useful labels include fluorochromes, e.g. Cy2,
Cy3, Cy3, fluorescein i1sothiocyanate (FITC), rhodamine,
Texas Red, phycoerythrin, allophycocyanin, 6-carboxyfluo-
rescein (6-FAM), 2'.7'-dimethoxy-4',5'-dichloro-6-carboxy-
fluorescein (JOE), 6-carboxy-X-rhodamine (ROX), 6-car-
boxy-2',4'.7',4,7-hexachlorofluorescein (HEX),
S-carboxytluorescein (35-FAM) or N,N,N'N'-tetramethyl-6-
carboxyrhodamine (TAMRA)). Examples of labels that per-
mit indirect measurement of binding include enzymes where
the substrate may provide for a colored or fluorescent prod-
uct. In a certain embodiment, the secondary antibody 1s
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labeled with a covalently bound enzyme capable of providing
a detectable product signal atter addition of suitable substrate.
Examples of suitable enzymes for use in conjugates include
horseradish peroxidase, alkaline phosphatase, malate dehy-
drogenase and the like. Where not commercially available,
such antibody-enzyme conjugates are readily produced by
techniques known to those skilled 1n the art. Alternatively, the
secondary antibody may be unlabeled, and a labeled tertiary
antibody may be used. Since the resultant signal 1s thus ampli-
fied, this technique may be advantageous where only a small
amount of BIN1 is present.

After the secondary antibody has bound, the insoluble
support 1s generally again washed free of non-specifically
bound molecules, and the signal produced by the bound con-
jugate 1s detected by conventional means. Where an enzyme
conjugate 1s used, an appropriate enzyme substrate 1s pro-
vided so a detectable product 1s formed. More specifically,
where a peroxidase 1s the selected enzyme conjugate, a sub-
strate combination 1s H,O, and 1s O-phenylenediamine,
which vields a colored product under appropriate reaction
conditions. Appropriate substrates for other enzyme conju-
gates such as those disclosed above are known to those skilled
in the art. Suitable reaction conditions as well as means for
detecting the various usetul conjugates or their products are
also known to those skilled 1n the art. For the product of the
substrate O-phenylenediamine for example, light absorbance
at 490-495 nm 1s conveniently measured with a spectropho-
tometer.

Generally the amount of BIN1 protein detected will be
compared to control samples from normal subjects, or to a
known normal range or level of BIN1 present in body fluid of
subjects with healthy heart, or to a known BIN1 protein level
range present 1in heart failure patients with a poor outcome, or
with known BIN1 protein level range present in heart failure
patients without a poor outcome.

Animmunosorbent assay, such as a sandwich ELISA assay
format, can be used, wherein a solid support (e.g., a well of a
microtiter plate) 1s coated with a BIN1-binding moiety, such
as an ant1-BIN1 antibody. A biological sample to be assayed
1s then added to the coated wells. Optionally, a series of
standards, containing known concentrations of the BIN1 pro-
tein can be assayed in parallel with the samples or aliquots
thereot to serve as controls.

Generally from about 0.001 to 1 ml of sample, diluted or
otherwise, 1s sufficient. Dilution of the sample where neces-
sary can be done 1n buflers (such as Tris, PBS, and the like) to
stabilize pH to 5-10, optionally also containing surfactants
such as Tween 20 and non-specific background blocking pro-
tein or serum components, such as bovine serum albumin or
rabbit serum. Furthermore, in certain embodiments, each
sample and standard, if used, will be added to multiple wells
so that mean values can be obtained for each. The test and
control samples are each incubated with the solid support for
a time suificient for binding of an antibody to antigen to occur.
Generally, from about 0.1 to 3 hr 1s sufficient, usually 1 hr
suificing.

After a period of incubation suificient to allow antibody
binding to the target antigen, the support(s) can be washed to
remove unbound antigen. Generally, a dilute non-10nic deter-
gent medium at an appropriate pH, generally 7-8, 1s used as a
wash medium. An 1sotonic butler, such as phosphate-builered
saline, may be employed 1n the washing step. From one to six
washes may be employed, with suflicient volume to thor-
oughly wash non-specifically bound proteins present 1n the
sample. Preferably, the washing step will not cause dissocia-
tion of the BIN1 polypeptide bound to the coated BINI-
binding moiety. Following the wash, a detectably labeled
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secondary binding molecule 1s added. The second binding
molecule may be a BIN1 binding moiety, for example, anti-
BIN1 antibody. The secondary binding molecule 1s allowed
to react with any captured BIN1, the support 1s washed and
the presence of the secondary binding molecule detected
using methods well known 1n the art.

In such assays, the concentration of the second antibody
will generally be about 0.1 to 50 ug/ml, preferably about 1
ug/ml. The solution containing the second antibody 1s gener-
ally builered in the range of about pH 6.5-9.5. The incubation
time should be sufficient for the second antibody to bind
available molecules. Generally, from about 0.1 to 3 hours 1s
suificient, usually 1 hour sutficing. After the second antibody
has bound, the insoluble support 1s generally again washed
free of non-specifically bound material, essentially as
described for prior washes. After non-specifically bound
material has been cleared, the signal produced by the bound
conjugate 1s detected by conventional means.

Solid supports which can be used in the subject methods
include substrates such as nitrocellulose (e.g., in membrane
or microtiter well form); polyvinylchlonide (e.g., sheets or
microtiter wells); polystyrene latex (e.g., beads or microtiter
plates); polyvinylidine fluoride; diazotized paper; nylon
membranes; activated beads, magnetically responsive beads,
and the like.

The solid support may be blocked with a protein, such as
bovine serum albumin, or the body fluid sample may be
incubated with the solid support 1n the presence of a blocking
protein.

Meso Scale Discovery® Assays

The methods for determining the level of BIN1 proteinin a
body fluid sample may be carried out 1n an assay format that
uses Meso Scale Discovery® (MSD) platform. In general, a
secondary binder moiety that 1s conjugated to an electro-
chemiluminescent label 1s used and detection of electro-

chemiluminescence from secondary binder moiety 1s utilized
in the MSD platform.

The MSD technology 1mnvolves uses of MULTI-ARRAY®
and MULTI-SPOT® microplates with electrodes integrated
into the bottom of the plate. Electrochemiluminescence
detection uses labels that emit light when electrochemically
stimulated. Background signals are minmimal because the
stimulation mechanism (electricity) 1s decoupled from the
signal (light). Labels are stable and may be coupled to sec-
ondary binder moieties via a variety of coupling chemaistries.
They emit light at about 620 nm, eliminating problems with
color quenching. Multiple excitation cycles of each label may
be used to amplify the signal to enhance light levels and
improve sensitivity. The detection process 1s mnitiated at elec-
trodes located 1n the bottom of MSD’s microplates. Labels
suificiently near the electrode are excited and detected,
enabling non-washed assays. MSD Read Bullers contain
coreactants that enhance the electrochemiluminescence sig-
nals.

A first molecule may be bound to a MSD microplate by
direct binding to the microplate by passive absorption. The
second molecule bound to the first molecule may be detected
by electrically stimulating an electrochemiluminescent tag
which may be attached to the second molecule directly or
indirectly via a third molecule. Thus, a first BIN1 binding
moiety may be bound to the plate by passive absorption;
incubated with a sample of interest and BIN1 in the sample
bound to the BIN1 binding moiety. The bound BIN1 detected
by a second BIN1 binding moiety, which may be detected by
using an electrochemiluminescent tagged-antibody specific
for the second BIN1 binding moiety.
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Alternatively, a first molecule may immobilized on a pre-
coated MSD microplate. The MSD microplate may be pre-
coated with avidin or streptavidin, for example, and a {first
molecule conjugated to biotin. The binding of a second mol-
ecule to the immobilized first molecule may be detected as
above.

Alternatively, a complex containing a first and a second
molecule may be immobilized on the microplate and detected
as described above.

SECTOR mstruments may be used for the electrical stimu-
lation of the electrochemiluminescent tag and for measuring
the signal generated from the stimulation of the tag.

Electrochemiluminescent tags include MSD-TAG™, such
as, sulfo-tags, as well as, other electrochemiluminescent tags
compatible with the MSD assay platform.

Samples

A biological fluid sample can be any sample 1n which BIN1
protein may be present. As noted above, biological samples of
liquid from a mammal, e.g., from a human may be assayed to
detect BIN1 protein levels. Such fluids include aqueous fluids
such as blood (e.g., whole blood or a fraction thereof (e.g.,
serum, plasma)), pericardial fluid, and the like.

Particular bodily fluids that are of interest include whole
blood, serum, plasma, and other blood-derived samples. The
term “blood sample™ 1s meant to encompass whole blood or
fractions thereof (e.g., serum, plasma). The types of sample
can be selected so as to be compatible with the assay format.

The sample volume can be any volume that 1s compatible
with the specific assay format. In some embodiments, the
sample will be diluted 1n a suitable solution prior to assaying
for the levels of BIN1 polypeptide. In general, a solution
suitable for diluting a biological sample will include a butfer,
such as phosphate builered saline (PBS), and may include
additional items, such as for example, anon-specific blocking
agent, such as bovine serum albumin (BSA), a detergent, such
as Triton-X-100, Tween-20 and the like.

Appropriate control samples for the assay include body
fluid sample, e.g., blood sample collected from subjects who
are diagnosed has not having heart failure (1.e. a normal
heart), or samples which contain a known, predetermined
amount of BINI (i.e., a positive control). An example of a
positive control may be cell lysate of a cell line expressing
BIN1 protein. In these cases, the control samples provide an
assurance that the assay has been performed correctly and the
reagents are stable when the expected results are obtained
from the controls.

In many embodiments, a suitable 1nitial source for the body
fluid sample 1s a blood sample. As such, the sample employed
in the subject assays 1s generally a blood-dertved sample. The
blood sample may be dertved form whole blood or a fraction
thereol, e.g., serum, plasma, etc., where 1n some embodi-
ments the sample 1s dertved from blood that 1s allowed to clot
and the serum separated and collected to be used 1n BINI1
detection assay.

In embodiments 1n which the sample 1s a serum or serum
derived sample, the sample 1s generally a fluid sample. Any
convenient methodology for producing a fluid serum sample
may be employed. In many embodiments, the method
employs drawing venous blood by skin puncture (e.g., finger
stick, venipuncture) into a clotting or serum separator tube,
allowing the blood to clot, and centrifuging the serum away
from the clotted blood. The serum 1s then collected and stored
until assayed. In some cases, blood may be collected from a
subject by venipuncture. 0.1-0.5 ml may be used to prepare
serum or plasma. Serum may be prepared just after blood
drawing. Tubes may be left at room temperature for 4 hours
following centrifugation after which serum 1s removed.
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Serum may be aliquoted and stored at —20° C. Plasma may be
prepared by adding EDTA (final concentration of 5 mM) to a
blood sample. Blood sample may be centrifuged, supernatant
removed and stored at -20° C. Once the patient derived
sample 1s obtained, the sample 1s assayed to determine the
level of BIN1.

The sample may be treated 1n a variety of ways so as to
enhance detection of the level of BIN1. For example, where
the sample 1s blood, the red blood cells may be removed from
the sample (e.g., by centrifugation) prior to assaying. Detec-
tion of the presence of BIN1 may also be enhanced by con-
centrating the sample using procedures well known in the art
(e.g. acid precipitation, alcohol precipitation, salt precipita-
tion, hydrophobic precipitation, filtration (using a filter which
1s capable of retaining molecules greater than 30 kD, e.g.
Centrim 30™), affinity purification). In certain cases, certain
types of proteins may be depleted from the sample before the
assay 1s performed.

Use of BIN1 Protein Levels 1n Assessing Heart Health and
Prognosis of Risk of Cardiac Mortality

BIN1 protein levels in body fluid of a subject can be used to
assess the cardiac health of a subject and/or determine the risk
of a poor clinical outcome. BIN1 protein levels can also be
used to facilitate a diagnosis of an acute cardiac condition
(e.g., myocardial infarction). Assessing cardiac health may
include predicting the risk of a poor outcome 1n a subject, for
example, a subject who has been clinically diagnosed as
having heart failure.

In general, BIN1 protein levels 1n a body fluid (e.g., blood)
lower than a normal BINI1 protein level are indicative of
declining heart health 1n the subject, and can facilitate an
assessment of the subject’s cardiac health and/or a provide a
prognosis of the likelihood of poor outcome. A decreased
BIN1 protein level 1n a body fluid compared to anormal BIN1
protein level 1s positively correlated to a decrease 1n cardiac
health or poor cardiac health. Decreased BIN1 protein levels
relative to a normal BIN1 protein level 1s correlated with an
increase 1n the risk of a poor outcome, such as, acute heart
condition, cardiac mortality, ventricular arrhythmia, and the
like 1n the future.

However, where BIN1 protein levels 1 a body fluid are
significantly higher than a normal BIN1 protein level, such
facilitates a diagnosis of an acute cardiac condition or a major
cardiac event, such as a myocardial infarction.

Thus, BIN1 protein levels find use not only 1n assessing
cardiac health, providing a prognosis of outcome, and facili-
tating diagnosis ol an acute cardiac condition, such as, a
major cardiac event, BIN1 protein levels also provide a
marker to differentiate subjects having a major cardiac event
from those that do not have a major cardiac event n.

The uses of the BIN1 protein levels are described below 1n
more detail.

Use of BIN1 Protein Levels

The method can 1nvolve assaying a BIN1 protein level in a
body fluid sample from a subject, for example, an individual
having an acute cardiac condition, such as a major cardiac
event, an individual not having an acute cardiac condition,
¢.g., having a non-acute cardiac condition, or non-evident
cardiac condition.

Analysis of BIN1 protein level can involve comparison of
the BIN protein level to a normal BIN1 protein level. The
normal BIN1 protein level may be a BIN1 protein level
known to be indicative of a healthy heart. A normal BIN1
protein level generally refers to a BIN1 protein level 1n a body
fluid sample from a subject with a non-failing heart. A normal
BIN1 protein level can be determined from BIN1 protein
levels 1n body fluid sample obtained from an individual whose
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heart function was deduced to be normal from an examination
ol the gross morphology of the heart, left ventricular ejection
fraction, cardiac catheterization, and/or from lack of heart
related condition 1n the individual medical record, and the
like. A normal BIN1 protein level can be determined from
BIN1 protein level 1n a pooled body fluid sample obtained by
combining body fluid samples obtained from multiple indi-
viduals whose heart function was deduced to be normal.
Accordingly, a normal BIN1 protein level may be the BIN1
protein level 1n a pooled body fluid sample obtained by com-
bining body fluid samples obtained from multiple individuals
whose heart function was deduced to be normal.

Analysis of BIN1 protein level can involve normalization
of BIN1 protein level to BIN1 protein level in a pooled sample
of body fluid samples from healthy individuals.

Determining BIN1 protein level to assess cardiac health
and/or provide a prognosis of outcome, or facilitate diagnosis
of an acute cardiac condition 1n a subject may further involve
determining levels of one or more serological markers of
heart failure, e.g., B-type Natriuretic Peptide (BNP), and/or
Creatine kinase (CK), and/or CK-MB; and/or tropomin (spe-
cifically, cardiac troponin T and cardiac troponin I). The
assaying ol serological markers of heart failure may be per-
formed before, after, or simultaneously with assaying BIN1
protein levels 1n a body fluid sample of a subject.

Determining BIN1 protein level to assess cardiac health
and/or provide a prognosis of outcome, or facilitate diagnosis
ol an acute cardiac condition 1n a subject may be performed 1n
conjunction with other physical assessments usually per-
formed to diagnose heart health, for example, screening for
physical symptoms, such as, swelling 1n the ankles, sudden
welght gain from water retention, decreased ability to exer-
cise, chest pain, nausea, dizziness, etc.

In certain embodiments, determining BIN1 protein level to
assess cardiac health and/or provide a prognosis of outcome,
or facilitate diagnosis of an acute cardiac condition 1n a sub-
ject may further mvolve determining levels of one or more
serological markers of heart failure and/or performing physi-
cal assessment of the subject.

Use of BIN1 Protein Levels in Subjects to Facilitate Diag-
nosis of Heart Health and/or Facilitate Prognosis of Outcome

BIN1 protein levels 1n a body fluid (e.g., blood) are usetul
to facilitate diagnosis of heart health and/or facilitate prog-
nosis of outcome. Decreased BIN 1 protein levels 1n a body
fluid (e.g., blood) of a subject relative to a normal BINI1
protein level are indicative of declining heart health 1n the
subject. Decreased BIN1 protein levels 1 a body fluid (e.g.,
blood) of a subject relative to a normal BIN1 protein level can
facilitate an assessment of the subject’s cardiac health and/or
a provide a prognosis of the likelithood of poor outcome. The
subject may be a subject with a non-evident cardiac condition
or a non-acute cardiac condition, for example, a subject not
having a major cardiac event.

A significantly low BIN1 protemn level 1n a body tluid
sample of a subject compared to a normal BIN1 protein level
indicates that the patient has a poor cardiac health. A signifi-
cantly low BINI1 protein level in a body fluid sample of a
subject compared to a normal BIN1 protein level 1s correlated
to an increased likelihood of a poor outcome. In contrast, a
BIN1 protein level close to the normal value indicates that the
subject has a good heart health or 1n case of a heart failure
patient, a decreased likelithood of a poor outcome, e.g., an
acute cardiac condition, or cardiac mortality.

A low BINI1 protein level compared to a normal BIN1
protein level indicates that the subject has poor heart health
and predicts an increased likelihood of poor outcome, e.g., an
acute cardiac condition, cardiac mortality, ventricular
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arrhythmia. In general, at least a 20% reduction 1n BIN1
protein level compared to a normal BIN level 1s a significant
decrease and indicates that a subject has poor heart health. For
example, a 20% or more reduction, or a 30% or more reduc-
tion, or a 40% or more reduction, or a 45% or more reduction,
or a 50% or more reduction, or a 55% or more reduction, or a
60% or more reduction, or a 65% or more reduction, ora 70%
or more reduction, or a 75% or more reduction, or a 80% or
more reduction, or a 85% or more reduction, or a 90% reduc-
tion, or more, 1n BIN1 protein level compared to a normal
BIN level indicates that a subject has poor heart health. For a
CHF patient at least a 25% reduction 1n BIN1 protein level
compared to a normal BIN level indicates an increased like-
lithood of cardiac mortality.

In general, a patient with at least a 25% reduction, for
example, a 30% reduction, a 40% reduction, a 50% reduction,
a 75% reduction, or more, in BIN1 protein level compared to
a normal BIN level (or a normal range) has an increased risk
of poor outcome.

BIN 1 protein levels may be used to predict the risk of a
poor outcome over a period of time following the assessment
of the BIN1 protein level, for example, the risk of a poor
outcome for the CHF patient over the next 3 months-60
months, e.g., 6 months-18 months, such as, over the next 6
months-12 months, or 12 months-18 months, or 18 months-
24 months, 24 months-30 months, or 30 months-36 months,
or 36 months to 42 months, or 36 months to 48 months, or 24
months to 54 months, or 24 months to 60 months, or longer.

BIN1 protein levels for a patient can also be assessed
relative to a threshold value. A “threshold value” or “risk
threshold value™ 1s a value selected so as to facilitate distin-
guishing among relative outcome, e.g., to facilitate distin-
guishing between a relatively high risk of poor outcome from
a relatively low risk of a poor outcome. For example, 1n most
cases the threshold value 1s an approximate value below
which risk of a poor outcome 1s relatively higher, and above
which risk of a poor outcome is relatively lower.

In certain cases, there may be two threshold values, a first
threshold value and a second threshold value. For example,
BIN 1 protein levels below the first threshold value but above
the second threshold value may indicate that the subject has
poor heart health but not a high risk of poor outcome at the
time point at which the assessment was performed. BINI
protein levels below the second threshold value may indicate
that the subject has poor heart health and a high risk of poor
outcome, such as an acute cardiac condition, cardiac mortal-
ity.

For example, a BIN1 protein level of about 30% less than
the normal BIN1 protein level represents a first threshold
value and a BIN1 protein level of about 50% less than the
normal BIN1 protein level represents a second threshold
value. A subjecthaving a BIN protein level lower than the first
threshold value have a poor heart health relative to a subject
having a BIN1 protein level greater than or equal to this
threshold value. A subject having a BIN1 protein level lower
than the first threshold value but higher than the second
threshold value have a poor heart health but a decreased risk
ol poor outcome. A subject having a BIN1 protein level lower
than the second threshold value have a relatively increased
risk of a poor outcome, and cardiac patients having a BIN1
protein level greater than or equal to this threshold value have
a relatively decreased risk of poor outcome.

BIN1 protein levels can also be used to stratify heart failure
patients between different functional classes. In general,
heart failure patients with BIN1 protein level within a first
range (for example, between about 60% to 45% of the normal
BIN1 protein level) may be classified into a higher functional




US 8,999,659 B2

15

class (for example, NYHA Class 1 or Class 2) while heart
failure patients with BIN1 protein level within a second range
(for example between about 40% to 0% of the normal BIN1
protein level) may be classified 1nto a lower functional class
(for example, NYHA Class 3 or Class 4). Heart failure
patients with BIN1 protein level within the second range (for
example between about 40% to 0% of the normal BINI
protein level) classified 1into a lower functional class may be
turther stratified between Class 3 and 4 with patients having
BIN1 protein levels below about 20% of the normal BIN1
protein level classified as Class 4 while patients having BIN1
protein levels above about 20% of the normal BIN1 protein
level but below about 40% of the normal BIN1 protein level
classified as Class 3 patients.

BIN1 protein levels may be used to predict the risk of a
poor outcome over a period of time following assessment, for
example, the risk of a poor outcome for the CHF patient over
the next 5 years, e.g., 3 months-60 months, such as, over the
next 6 months-12 months, or 12 months-18 months or 18
months-24 months, 24 months-30 months, or 30 months-36
months, or 36 months to 42 months, or 36 months to 48
months, or 24 months to 54 months, or 24 months to 60
months, or longer.

BIN1 protein level may be used to diagnose arrhyth-
mogenic right ventricular cardiomyopathy (ARVC) 1n a sub-
ject. In addition, BIN1 protein level may be used to diagnose
disease severity and/or predict disease progression 1n a sub-
ject diagnosed with ARVC. In general, a decreased BINI
protein level in body fluid of a patient, diagnosed with ARVC,
relative to a normal BIN1 level 1s correlated to an increased
severity of ARVC and predicts a higher risk of a poor out-
come, such as, further progression of ARVC and/or future
arrhythmia, for example. Thus, BIN1 protein level may be
used 1 a method for assessing cardiac health of a subject
diagnosed with ARVC. The method may include determining
a BIN1 protein level 1 a bodily flud sample obtained from
the subject diagnosed with ARVC and using the BIN1 protein
level to assess the cardiac health of the subject, wherein a
decreased BIN1 protein level in the bodily fluid sample com-
pared to a normal BIN1 protein level 1s positively correlated
to the severity of ARVC.

BIN1 protein level may be used in a method of predicting
a risk of poor outcome such as further progression of ARVC
and/or future arrhythmia event 1n a subject diagnosed with
ARVC. The method may include determining a BIN1 protein
level 1n a bodily fluid sample obtained from the subject diag-
nosed with ARVC; and using the BIN1 protein level to predict
the risk of poor outcome 1n the subject, wherein a decreased
BIN1 protein level in the bodily fluid sample relative to nor-
mal BIN1 protein level 1s correlated to an increased risk of a
poor outcome, such as, progression of ARVC into severe
ARVC and/or occurrence of arrhythmia event(s ) 1in the future.

Use of BIN1 Protein Levels to Facilitate a Diagnosis of an
Acute Heart Condition

Determining a BIN1 protein level in a body fluid sample of
a subject 1s usetul 1n facilitating a diagnosis of an acute
cardiac condition, such as, a major cardiac event. In general,
a significantly increased BIN1 protein level in a body fluid
relative to anormal BIN1 protein level 1s indicative of a major
cardiac event in the subject. Thus, body fluid BIN1 protein
level 1s useful as a marker for differentiating subjects having
an acute cardiac condition, such as, a major cardiac event
from those that do not have an acute cardiac condition. Such
assays can facilitate a differential diagnosis 1 subjects oth-
erwise exhibiting symptoms of a major cardiac event.
Accordingly, 1 a subject exhibiting symptoms of a major
cardiac event, the occurrence of a major cardiac event can be
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diagnosed 11 the BIN1 protein level in a body fluid of the
subject 1s significantly increased relative to a normal BIN1
protein level. On the other hand, absence of a sigmificantly
increased BIN1 protein level relative to a normal BIN1 pro-
tein level indicates that the subject 1s not having a major
cardiac event.

An acute cardiac condition or a major cardiac event may
include acute coronary syndrome, myocardial infarction, or
acute fulminant myocarditis.

A significantly high body fluid BIN1 protein level com-
pared to anormal BIN1 protein level indicates that the subject
has an acute cardiac condition. In general, at least a 20%
increase 1 BIN1 protein level compared to a normal BIN
level 1s significant and indicates that a subject has an acute
cardiac condition, such as, a major cardiac event. For
example, a patient with a 20% increase, a 30% increase, a
40% 1increase, a 50% increase, a 75% increase, or more, 1n
BIN1 protein level compared to a normal BIN level (or a
normal range) has an acute cardiac condition.

Subjects

In general, subjects amenable to methods described herein
are mammalian subject, for example canine, bovine, equine,
or human subjects.

Subjects without Acute Heart Condition

Subjects amenable to evaluation using the methods of the
present disclosure include subjects who do not have an acute
heart condition, for example, subjects with non-evident heart
condition, subjects with non-acute, but chronic, heart condi-
tion, and the like.

The terms “non-evident heart condition” or “non-evident
cardiac condition” as used herein refer to a subject having a
decrease 1n heart function that 1s not yet clinically evident 1n
the subject. Subjects having a “non-evident heart condition”™
include, for example, a patient 1n early stages of compromised
heart who does not yet exhibit clear clinical symptoms. Such
subjects may include imndividuals that may be predisposed to
heart related health problems, for example, individuals with a
family history of heart related problems, for example, close
relatives who have suffered from cardiac events; individuals
that suffer from obesity, and/or hypertension, and/or high
cholesterol, and the like; individuals who have suffered from
a cardiac condition 1n the past.

A subject whose body fluid level of BIN 1 may be deter-
mined to assess cardiac health of the subject may include an
individual who presents symptoms that may indicate that the
individual has a cardiac condition, for example, an individual
who presents with chest pain, dizziness, shortness of breadth,
nausea, sweating, etc.

A subject whose body fluid level of BIN1 may be deter-
mined to assess cardiac health of the subject may include an
individual who 1s diagnosed as having a non-acute heart con-
dition. The terms “non-acute heart condition™ or “non-acute
cardiac condition” as used herein refer to a subject exhibiting
clinical symptoms associated with a heart condition, but
which heart condition 1s not acute, e.g., arrhythmogenic right
ventricular cardiomyopathy (ARVC), chronic heart failure,
chronic progressive non-ischemic cardiomyopathy, or
chronic progressive 1schemic cardiomyopathy. Subjects with
a non-acute heart condition generally are not hospitalized for
treatment of the cardiac condition and can be managed as
cardiac out-patients.

Subjects with Acute Heart Condition

Subjects amenable to evaluation using the methods of the
present disclosure include subjects who have an acute heart
condition. The terms “‘acute heart condition™ or “acute car-
diac condition™ as used herein refers to a subject exhibiting
clinical symptoms associated with a heart condition, which
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symptoms are of greater severity than clinical symptoms
exhibited by a subject having a non-acute heart condition.
Subjects with an acute heart condition are usually hospital-
1zed for the heart condition and under constant monitoring, or
sometimes can be managed with very frequent out-patient
climical supervision. “Acute heart conditions” include a major
cardiac event, such as, acute coronary syndrome, myocardial
infarction, or acute fulminant myocarditis. A subject with an
acute heart condition may have other serologic evidence of an
acute heart condition, e.g., has higher than normal levels of
B-type Natriuretic Peptide (BNP), has higher than normal
levels of Creatine kinase (CK), has higher than normal levels
of CK-MB, or has higher than normal levels of troponin
(specifically, cardiac troponin T and cardiac troponin I). In
certain cases, a subject with an acute heart condition may
have more than one of the above mentioned indications.

Clinical Applications

BIN1 protein levels 1n a body fluid sample of a subject are
usetiul 1n facilitating cardiac health assessment, predicting
risk ol a poor outcome, and also for diagnosing an acute heart
condition, such as, a major cardiac event. In certain embodi-
ments, BIN1 protein levels are used 1in conjunction with other
indicators of cardiac disease to facilitate cardiac health
assessment, predicting risk of a poor outcome, and for diag-
nosing an acute heart condition.

Subjects with Non-Acute Heart Condition

Determination of BIN1 protein level in body fluid sample
from a non-acute heart condition patient may be used to
assign functional class to a patient, for example, a New York
Heart Association (NYHA) Class 1-4, as discussed above.
This functional classification may be used to determine a
priority level to the patient for receiving a heart transplant.
Determination of BIN1 protein level i body fluid sample
from a non-acute heart condition patient may be used to
facilitate assessing response to CHF treatment, and/or to
guide modification of a treatment plan.

In general, in the case of patients with non-acute heart
condition, the lower the BIN1 protein level compared to nor-
mal BIN1 protein level, the higher the likelthood of poor
cardiac recovery and hence the patient 1s assigned a high
priority level for receiving a heart transplant. Alternatively, 1T
a non-acute heart condition patient has a near normal BIN
level, the expectation 1s that the heart has a good chance to
recover, and the patient might be assigned a low prionity level
for recerving a heart transplant. In general, the lower the BIN1
protein level compared to normal BIN1 protein level, the
higher 1s the prionty level of the patient for receiving a heart
transplant.

Similarly, in patients with only moderately decreased
BIN1 compared to normal BIN1 protein level, there would be
increased priority of placing the patient on a leit ventricular
assist device to help the patient recover. Removal of the lett
ventricular assist device could be timed with recovery of BIN
level to a normal or near normal level.

BIN1 protein levels may be used to determine the risk of
cardiac mortality. In general, the lower the BIN1 protein
level, the higher 1s the risk of cardiac mortality. For example,
in certain cases a BIN1 protein level of 40% or less than the
normal BIN1 protein level, for example, 30% or less, or 20%
or less than the normal BIN1 protein level predicts cardiac
mortality within 5 years 1n absence of appropriate medical
intervention. Appropriate medical intervention may include
heart transplant, LVAD, and the like.

A determination of a risk of a poor outcome, e.g., an acute
cardiac condition, cardiac mortality, may be used to assess
elficacy of CHF treatment and to determine a change to treat-
ment strategy. A CHF patient may be undergoing treatment
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by, for example, surgery, mechanical assist device, biven-
tricular pacer, heart transplant, and drug therapy. The efficacy
of a CHF treatment may be assessed by assaying for BIN1
level. In general, a low BIN1 compared to normal BINI1
protein level indicates a high likelihood of a cardiac failure
and that the treatment 1s not efficacious. Such a determination
of treatment eificacy may be used to alter the treatment. For
example, by classiiying the patient at a high prionty level for
a heart transplant.

On the other hand, a CHF treatment may stabilize the BIN
level resulting 1n a normal or near normal level, for example
above a threshold level. As a failing heart recovers, the BIN1
protein level becomes normal or close to normal BIN1 protein
level. A normal BIN1 protein level indicates a decreased
likelihood of a cardiac failure and that the treatment 1s effi-
cacious. This information may be used to classity the patient
at a low prionity level for receiving a heart transplant, and can
indicate other therapies such as an intraortic balloon pump,
ventricular assist device, itravenous heart therapy.

A BINI1 protein level may be used to determine therapy
options. For example, a BIN1 protein level less than about
40% of normal BIN1 protein level may be correlated to an
increased risk of a poor outcome. A BIN1 protein level of less
than about 40% or less, 30% or less, 20% or less than normal
BIN1 protein level may be positively correlated to a poor
outcome for the patient in the near future, for example, 1n the
next 3 months-60 months, e.g., 3 month-6 months, 6
months-8 months, 8 months-12 months, 12 months-18
months, 18 months-24 months, 18 months to 30 months, 18
months-46 months, 18 months to 60 months. The poor out-
come may be death, LVAD implant, or no improvement 1n
LVEF or even a further deterioration of LVEF. This informa-
tion may be used to classily the patient at a high prionty level
for recerving a heart transplant, and can indicate other thera-
pies such as an intraortic balloon pump, ventricular assist
device, intravenous heart therapy.

Subjects with Acute Heart Condition

Assessing BIN1 protein levels 1n a body fluid sample of a
subject suspected of having an acute heart condition finds use
in facilitating a diagnosis of an acute heart condition, such as,
a major cardiac event. Providing a diagnosis of acute heart
condition may include assessing a BIN1 protein level 1n a
body fluid of a subject, as described above, 1n conjunction
with assessing a protein level of a known marker of an acute
heart condition, e.g., BNP, CK, CK-MB, and/or troponin. The
phrase “in conjunction” includes assessing BIN1 protein lev-
¢ls and another marker of acute heart condition sequentially
or simultaneously. Providing a diagnosis of an acute heart
condition 1n a subject suspected of having an acute heart
condition can facilitate determining treatment protocol(s) for
the subject.

Kits

The materials for use 1n the methods of the present disclo-
sure are suited for preparation of kits produced 1n accordance
with well known procedures. The present disclosure thus
provides kits comprising agents, which may be BIN1 binding
moiety (or moieties) for quantitating the level of BIN1 for
predicting clinical outcome, determining treatment options or
predicting response to treatment, etc. In addition, the kits may
optionally comprise the reagent(s) with an 1dentifying
description or label or instructions relating to their use 1n the
methods of the present disclosure. The kits may comprise
containers (1including microtiter plates suitable for use 1n an
automated implementation of the method), each with one or
more of the various reagents (typically in concentrated form)
utilized 1n the methods, including, for example, pre-fabri-
cated microarrays, buflers, antibodies, enzyme substrates,
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and the like of the present disclosure. Mathematical algo-
rithms used to estimate or quantily prognostic and/or predic-
tive information are also properly potential components of
kits.

The methods provided by the present disclosure may also
be automated 1n whole or 1n part.

Reports

The methods of the present disclosure are suited for the
preparation of reports summarizing the results of assaying the
level of BIN 1. In certain embodiments, a report may include
a determination of the cardiac health of a subject. In certain
embodiments, a report may i1nclude a determination of the
risk of cardiac mortality in a CHF patient. A “report,” as
described herein, 1s an electronic or tangible document which
includes report elements that provide information of interest
relating to BIN1 protein level in a body fluid sample of a
subject and/or a risk of cardiac mortality. The report can be
completely or partially electronically generated, e.g., pre-
sented on an electronic display (e.g., computer monitor). A
report can further include one or more of: 1) mformation
regarding the testing facility; 2) service provider information;
3) patient data; 4) sample data; 5) an interpretive report,
which can include various information 1including: a) indica-
tion; b) test data, and 6) other features.

The present disclosure thus provides for methods of creat-
ing reports and the reports resulting therefrom. The report
may include a summary of the levels of the BIN1 1n the body
fluid sample obtamned from the patient. The report may
include an assessment of risk of cardiac mortality. The report
may include a recommendation for treatment modality such
as surgery alone or surgery in combination with therapy. The
report may be presented in electronic format or on paper. The
methods disclosed herein can further include a step of gener-
ating or outputting a report, which report can be provided 1n
the form of an electronic medium (e.g., an electronic display
on a computer momitor), or 1n the form of a tangible medium
(e.g., a report printed on paper or other tangible medium).

For clarity, it should be noted that the term “user,” which 1s
used interchangeably with ““client,” 1s meant to refer to a
person or entity to whom a report 1s transmitted, and may be
the same person or entity who does one or more of the fol-
lowing: a) collects a sample; b) processes a sample; ¢) pro-
vides a sample or a processed sample; and d) generates data
for use 1 the nisk of cardiac mortality assessment, for
example. In some cases, the person(s) or entity(ies) who
provides sample collection and/or sample processing and/or
data generation, and the person who receives the results and/
or report may be diflerent persons, but are both referred to as
“users” or “clients” herein to avoid confusion. In certain
embodiments, e.g., where the methods are completely
executed on a single computer, the user or client provides for
data input and review of data output. A “user” can be a health
proiessional (e.g., a clinician, a laboratory technician, a phy-
sician (e.g., a cardiologist, surgeon, primary care physician),
etc.).

In embodiments where the user only executes a portion of
the method, the individual who, after computerized data pro-
cessing according to the methods of the invention, reviews
data output (e.g., results prior to release to provide a complete
report, a complete report, or reviews an “incomplete” report
and provides for manual intervention and completion of an
interpretive report) 1s referred to herein as a “reviewer.” The
reviewer may be located at a location remote to the user (e.g.,
at a service provided separate from a healthcare facility where
a user may be located).

Where government regulations or other restrictions apply
(e.g., requirements by health, malpractice, or liability msur-
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ance), all results, whether generated wholly or partially elec-
tronically, are subjected to a quality control routine prior to
release to the user.

Computer-Based Systems and Methods

The methods and systems described herein can be imple-
mented 1 numerous ways. In one embodiment of particular
interest, the methods involve use of a communications infra-
structure, for example the interne. Several embodiments of
the invention are discussed below. It 1s also to be understood
that the present invention may be implemented 1n various
forms of hardware, software, firmware, processors, or a com-
bination thereof. The methods and systems described herein
can be implemented as a combination of hardware and soft-
ware. The software can be implemented as an application
program tangibly embodied on a program storage device, or
different portions of the software implemented 1n the user’s
computing environment (€.g., as an applet) and on the review-
er’s computing environment, where the reviewer may be
located at aremote site associated (e.g., ata service provider’s
facility). In some embodiments, the step of using the BIN1
protein level to determine the risk of cardiac mortality 1n a
CHF patient 1s performed by a computer programmed to
execute an algorithm for calculating the risk. In other
examples, the subject method includes causing a computer to
execute an algorithm for calculating the risk of cardiac mor-
tality 1n a CHF patient based on the level of BIN1.

The application program for executing the algorithms
described herein may be uploaded to, and executed by, a
machine comprising any suitable architecture. In general, the
machine involves a computer platform having hardware such
as one or more central processing units (CPU), a random
access memory (RAM), and mput/output (I/0O) interface(s).
The computer platform also includes an operating system and
microinstruction code. The various processes and functions
described herein may either be part of the microinstruction
code or part of the application program (or a combination
thereol) which 1s executed via the operating system. In addi-
tion, various other peripheral devices may be connected to the
computer platform such as an additional data storage device
and a printing device.

As a computer system, the system generally includes a
processor unit. The processor unit operates to receive infor-
mation, which can include test data (e.g., level of a BINI
protein, and a BNP protein level; and may also include other
data such as patient data. This information receirved can be
stored at least temporarily in a database, and data analyzed to
generate a report as described above.

Part or all of the mput and output data can also be sent
clectronically; certain output data (e.g., reports) can be sent
clectronically or telephomically (e.g., by facsimile, e.g., using
devices such as fax back). Exemplary output receiving
devices can include a display element, a printer, a facsimile
device and the like. Electronic forms of transmission and/or
display can include email, interactive television, and the like.
In an embodiment of particular interest, all or a portion of the
input data and/or all or a portion of the output data (e.g.,
usually at least the final report) are maintained on a web
server for access, preferably confidential access, with typical
browsers. The data may be accessed or sent to health profes-
sionals as desired. The input and output data, including all or
a portion of the final report, can be used to populate a patient’s
medical record which may exist 1n a confidential database at
the healthcare facility.

A system for use in the methods described herein generally
includes at least one computer processor (e.g., where the
method 1s carried out 1n its entirety at a single site) or at least
two networked computer processors (e.g., where data 1s to be
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input by a user (also referred to herein as a “client”) and
transmitted to a remote site to a second computer processor
for analysis, where the first and second computer processors
are connected by a network, e.g., via an 1ntranet or interne).
The system can also include a user component(s) for mput;
and a reviewer component(s) for review of data, generated
reports, and manual intervention. Additional components of
the system can include a server component(s); and a data-
base(s) for storing data (e.g., as 1n a database of report ele-
ments, e.g., mterpretive report elements, or a relational data-
base (RDB) which can include data input by the user and data
output. The computer processors can be processors that are
typically found 1n personal desktop computers (e.g., IBM,
Dell, Macintosh, etc.), portable computers, mainframes,
mimicomputers, or other computing devices.

The networked client/server architecture can be selected as
desired, and can be, for example, a classic two or three tier
client server model. A relational database management sys-
tem (RDMS), either as part of an application server compo-
nent or as a separate component (RDB machine) provides the
interface to the database.

In one example, the architecture 1s provided as a database-
centric client/server architecture, 1n which the client applica-
tion generally requests services from the application server
which makes requests to the database (or the database server)
to populate the report with the various report elements as
required, particularly the interpretive report elements, espe-
cially the interpretation text and alerts. The server(s) (e.g.,
either as part of the application server machine or a separate
RDB/relational database machine) responds to the client’s
requests.

The mput client components can be complete, stand-alone
personal computers offering a full range of power and fea-
tures to run applications. The client component usually oper-
ates under any desired operating system and includes a com-
munication element (e.g., a modem or other hardware for
connecting to a network), one or more 1mput devices (e.g., a
keyboard, mouse, keypad, or other device used to transier
information or commands), a storage element (e.g., a hard
drive or other computer-readable, computer-writable storage
medium), and a display element (e.g., a monitor, television,
LCD, LED, or other display device that conveys information
to the user). The user enters input commands 1nto the com-
puter processor through an input device. Generally, the user
interface 1s a graphical user interface (GUI) written for web
browser applications.

The server component(s) can be a personal computer, a
mimicomputer, or a mainframe and offers data management,
information sharing between clients, network administration
and security. The application and any databases used can be
on the same or different servers.

Other computing arrangements for the client and server(s),
including processing on a single machine such as a main-
frame, a collection of machines, or other suitable configura-
tion are contemplated. In general, the client and server
machines work together to accomplish the processing of the
present disclosure.

Where used, the database(s) 1s usually connected to the
database server component and can be any device which will
hold data. For example, the database can be a magnetic or
optical storing device for a computer (e.g., CDROM, internal
hard drive, tape drive). The database can be located remote to
the server component (with access via a network, modem,
etc.) or locally to the server component.

Where used in the system and methods, the database can be
a relational database that 1s organized and accessed according
to relationships between data items. The relational database 1s
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generally composed of a plurality of tables (entities). The
rows ol a table represent records (collections of information

about separate 1tems) and the columns represent fields (par-
ticular attributes of a record). In 1ts simplest conception, the
relational database 1s a collection of data entries that “relate”™
to each other through at least one common field.

Additional workstations equipped with computers and
printers may be used at point of service to enter data and, in
some embodiments, generate appropriate reports, 11 desired.
The computer(s) can have a shortcut (e.g., on the desktop) to
launch the application to facilitate initiation of data entry,
transmission, analysis, report receipt, etc., as desired.

Computer-Readable Storage Media

The present disclosure also contemplates a computer-read-
able storage medium (e.g. CD-ROM, memory key, flash
memory card, diskette, etc.) having stored thereon a program
which, when executed 1n a computing environment, provides
for implementation of algorithms to carry out all or a portion
of the calculation of risk of cardiac mortality, as described
herein. Where the computer-readable medium contains a
complete program for carrying out the methods described
herein, the program includes program instructions for collect-
ing, analyzing and generating output, and generally includes
computer readable code devices for interacting with a user as
described herein, processing that data in conjunction with
analytical information, and generating umique printed or elec-
tronic media for that user.

Where the storage medium provides a program which pro-
vides for mmplementation of a portion of the methods
described herein (e.g., the user-side aspect of the methods
(e.g., data mput, report receipt capabilities, etc.)), the pro-
gram provides for transmission of data input by the user (e.g.,
via the mternet, via an intranet, etc.) to a computing environ-
ment at a remote site. Processing or completion of processing
of the data 1s carried out at the remote site to generate a report.
After review of the report, and completion of any needed
manual 1ntervention, to provide a complete report, the com-
plete report 1s then transmitted back to the user as an elec-
tronic document or printed document (e.g., fax or mailed
paper report). The storage medium containing a program
according to the invention can be packaged with instructions
(e.g., for program installation, use, etc.) recorded on a suit-
able substrate or a web address where such instructions may
be obtained. The computer-readable storage medium can also
be provided in combination with one or more reagents for
carrying out the assaying step of the subject method (e.g.,
primers, probes, arrays, or other such kit components).

EXAMPLES

The following examples are put forth so as to provide those
of ordinary skill 1n the art with a complete disclosure and
description of how to make and use the present invention, and
are not intended to limit the scope of what the inventors regard
as their invention nor are they intended to represent that the
experiments below are all or the only experiments performed.
Efforts have been made to ensure accuracy with respect to
numbers used (e.g. amounts, temperature, etc.) but some
experimental errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight,
molecular weight 1s weight average molecular weight, and

temperature 1s 1n degrees Centigrade.
Materials and Methods

BINT ELISA Assay.

BIN1 ELISA assay was designed using a commercial
ELISA reagent set (BD Bioscience). Brietly, 96-well plate
was plated with a capture antibody mouse ant1-BIN1 (1:1000,
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Sigma) at 4° C. overnight. Following washing and blocking
with dilution buffer for 1 hour at room temperature, both
standards and samples were added and incubated for 1 hour
with rotation at room temperature to allow for BIN1 capture.
Following a series of washes, primary goat anti-BIN1 anti-
body (1:1000, Abcam) was then added to detect the captured
BIN 1 protein. After thorough washes, bound primary goat
ant1-BIN1 was detected by incubation with a HRP conjugated
donkey anti-goat IgG secondary antibody (1:4000, Abcam).
Finally, after washes, substrate TMB was added for an hour
and reaction was terminated by stop buifer. The optical den-
sity of each well was read immediately at 405 nm wavelength
using a microplate reader (BioRad).

BIN1 standards were generated from lysates of 293FT
cells overexpressing exogenous BIN1. The BIN1 concentra-
tion 1n the standards was referred to the total protein concen-
tration in the lysates. A standard curve (R*>0.98) was gener-
ated from standards ranging from 0.04 ng/ul to 20 ng/ul. For
serum samples, a total amount of 100 ul of serum samples
were loaded into each well. The amount of BIN1 was gener-
ated from the standard curve and expressed as ng/ul.

Cardiac output was determined during an invasive right
heart catheterization performed in the cardiac catheterization
laboratory. A balloon-tipped pulmonary artery catheter is
inserted into the venous system, advanced to the right atrium,
then right ventricle, then pulmonary artery. Cardiac output 1s
then obtained by both the thermodilution technique. (which
consists of injecting cold saline through a proximal port and
recording the temperature change at the distal port for an
estimation of output) or the more commonly used Fick tech-
nique which consists of dividing the estimated oxygen con-
sumption by the arternial-venous oxygen gradient obtained
from the hematocrit and arterial and mixed venous oxygen
saturation.

Example 1

Serum BIN1 Protein Levels in Healthy Subjects and
Subjects with Heart Failure

Serum BIN1 protein levels 1n 56 patients diagnosed with
heart failure and 28 age matched healthy individuals mea-
sured (Control group). Serum samples were obtained from

heart failure patients at UCSF Advanced Heart Failure and
Transplant clinic. BIN1 protein levels were measured by an
ELISA assay and are shown in FIGS. 1A and 1B. FIG. 1A
depicts BIN1 Frequency Distribution as measured as BIN1
protein level and the percent of heart failure patients and
controls showing a particular BIN protein level. As 1s seen 1n
FIG. 1A, a greater percent of the heart failure patients had a
lower level of serum BIN1 as compared to the control indi-
viduals whose serum BINI protein level centered around
about 9 ug/ml. FIG. 1B provides the mean serum BIN 1 level
of the control individuals and the heart failure patients.

FIGS. 1A and 1B. Serum Binl in Heart Failure Clinic 1s
Different from Control. FIG. 1A. Histogram of serum BIN1
protein levels of heart failure patients at UCSF Advanced
Heart Failure and Transplant clinic (black bars) and age-
matched controls (grey bars). Note frequency distribution in
heart failure patients 1s shifted to the leit of the normal serum
BIN1. FIG. 1B. Mean serum BINI1 protein level of control
patients (gray) which 1s about one third of heart failure
patients. (*** p<t0.005).

The data indicate that BIN1 1n failing hearts in less than
half that of patients without heart failure (control group).
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Example 2

BIN1 Protein Level does not Correlate with Gender,
Age, Weight, or Body Mass Index (BMI)

Serum BINI1 protein measured 1n heart failure patients
were plotted relative to age, gender, weight, and BMI of the
patients. No correlation of the serum BIN1 protein levels to
age, gender, weight, or BMI was apparent.

FIGS. 2A and 2B. Serum BIN1 does not correlate with sex
and age. Within the patients studied, there 1s no significant

difference 1 BIN1 protein levels 1 male versus female
patients (FIG. 2A) and with age (FIG. 2B).

FIGS. 3A and 3B. Serum BINI1 does not correlate with
weight and BMI. Within the patients studied, there 1s no
significant difference 1n BIN1 protein levels when evaluated
against weight (in pounds) or Body Mass Index (weight 1n
kilograms divided by the square of height in meters).

Example 3

BIN1 Protein Level does not Correlate with
Pulmonary Capillary Wedge Pressure

Within the heart failure patients studied, left ventricular
¢jection fraction (LVEF) were obtained by echocardiogram,
and 1nvasive right heart catheterization hemodynamics were
performed to measure pulmonary capillary wedge pressure
(PCWP). There 1s no significant difference in BIN1 protein
levels and these two parameters (F1GS. 4A and 4B). Note that
PCWP 1s a measure of intracardiac filling pressure which 1s
reflected by the serum marker BNP.

Example 4

BIN1 Protein Level Correlates with Cardiac Output
and Cardiac Index

FIGS. 5A and 5B indicates that serum BIN1 does directly
correlate with mvasively determined cardiac output and car-
diac index. The lower the serum BIN1, the lower the cardiac
output. This 1s a significant marker because serum BINI 1s
much less invasive than pulmonary artery catheter deter-
mined cardiac output.

FIGS. 5A and 3B. Serum Binl correlates with cardiac
output. There 1s an roughly linear relationship between BIN1
and 1nvasively measured (by Fick equation) cardiac output 1n
liters/minutes, and cardiac immdex which 1s cardiac output
divided by estimated body surface area (1n meters squared).

Example 5

BIN1 Protein Level Correlates with New York Heart
Association (NYHA) Functional Class

NYHA functional class was determined by expert heart
failure cardiologists in UCSF Advanced Heart Failure and
Transplant Clinic. BIN1 was plotted after being binned by
patient function status, as defined by class I, II, 111, and IV on
the NYHA scale. NYHA scale was obtained from patients’
clinic note at the time blood sample was drawn for determin-
ing BIN1 protein level. Increasing class indicates worsening
symptoms. Class 4 (or 1V) encompasses patients who are
symptomatic at rest. Prognosis on these patients 1s extremely
POOT.

As shown in FIG. 6, there 1s a strong correlation between
serum BIN1 protein level and the NYHA functional class.
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Lower levels of BIN1 correlate with the NYHA class 4 while
relatively higher level of BIN correlates with NYHA class 1

or 2. The first column (leftmost column) 1s NYHA Class 1V,

the next column 1s Class II1, the next column 1s Class II, and
the last column (rightmost column) 1s Class 1.

The strong correlation with serum BIN1 protein level indi-
cates that functional class now may be tested and quantified
by blood test independent of a subjective physical examina-
tion.

Example 6
BIN1 Protein Level Correlates with Mortality

Heart failure patients whose BIN1 protein level was evalu-
ated were followed up 1n a retrospective study over a period of
five years. F1IGS. 7A and 7B illustrates that there 1s a high rate
of mortality in patients with a low BIN1 protein level. The
converse 1s that patients with a higher BIN1 were likely to be
alive 1n that same period of time. These data indicates the
usetulness of BIN1 protein levels for a serum based prognos-
tication for patients with heart failure. Patients with a BIN1 of
five and higher will likely not need a transplant or other
advanced therapy such as left ventricular assist device in the

upcoming five years. Those with a low BIN1 will need such
therapy. Note that a BIN1 of five 1s still 50% of normal (FIG.

1A or 1B). Thus BIN1 should be able to stratify the general
heart failure population.

FIG. 7TA. Serum Binl correlates with mortality. In patients
with whom follow-up is available five years after serum draw,
average BIN1 protein levels are binned between those who
are dead (left bar) and those who are alive (right bar). Low
Binl predicts a significantly increased risk of death 1n the next
five years.

FIG. 7B. Serum BIN1 predicts mortality. Kaplan-Meier
survival curve of heart failure patients who has a serum BIN1
protein level of less that 2.5 versus those greater than or equal
to 2.5. Over a five year period, patients with Bin1<2.5 have a
significantly less chance of survival.

Example 7

BIN1 Protein Level Correlates with Disease Severity
and Predict Future Arrhythmia Events in Patients
with ARVC

ARV C 1s a disease characterized by focal or diffuse fibro-
fatty replacement of the ventricular myocardium, which can
result 1n recurrent ventricular arrhythmias and right and/or
left ventricular dysfunction (Basso C. et al., Lancet 2009;
3°73: 1289-300). The disease 1s familial and several causative
genes involved 1n desmosome function have been implicated
(Sen-Chowdhry S., et al., J Cardiovasc Electrophysiol 2005;
16: 927-33). Disease severity and progression can range from
asymptomatic disease to severe heart failure and refractory
ventricular arrhythmias (Hulot I S, et al., Circulation 2004;
110: 1879-84). Currently, 1t 1s difficult to predict future
arrhythmia burden in ARVC patients or which of the patients
will develop progressive heart failure. A test to 1dentity 1ndi-
viduals at high risk of climical progression would be of con-
siderable clinical utility.

Methods

Patients.

The study was approved by the mstitutional review boards
of the hospitals of University of California San Francisco
(UCSF) and Johns Hopkins University (Western IRB, with

climical data collected via a Johns Hopkins protocol). All
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participating patients gave informed consent. Venous blood
sample was collected over a period of about seven years from
thirty one patients diagnosed with ARVC). Seven patients had
two blood samples drawn at separate time points. Blood
samples were obtained and centrifuged at 4000 rpm for 20
minutes at 4° C., and plasma stored 1n —80° C. freezer for later
ELISA analysis. Corresponding clinical data for each patient
including MRI, RV angiogram, right heart catheterization,
echocardiogram, pathology, ECG, signal averaged ECG,
Holter monitor results, family history and genotype were
recorded for confirmation of ARVC diagnosis.

Patients were included in the study 1f a diagnosis of ARVC
could be confirmed with available data according to the modi-
fied International Task Force Criteria (Marcus F. 1., et al.
Circulation 2010; 121: 1533-41) by two separate cardiolo-
g1sts blinded to the assay results. Exclusion criteria included
inadequate data to confirm diagnosis or presence of ventricu-
lar tachycardia (V'T) storm or several defibrillation events at
the time of the blood draw, which might be expected to cause
spurious BIN1 measurement.

Of the imtial 31 patients with a possible diagnosis of
ARVC, 24 were included 1n the final analysis. Three patients
were excluded based on incomplete data and two for failure to
meet diagnostic criteria. Two patients with active V1 storm
and several defibrillation events at the time of the lab draw
were also excluded. The patient characteristics are displayed
in Table 1.

A control group consisted of 48 age, sex, and BMI-
matched healthy controls without diabetes, hypertension or
history of cardiac disease. These controls were 1dentified
from a large UCSF database containing clinical data and
plasma specimens from healthy volunteers. All participants
gave consent to future use of these specimens.

Measurement of Plasma BINI.

A commercial ELISA reagent set (BD Bioscience, San
Diego, Calif.) was used to design a highly-sensitive ELISA
test to quantily BIN1 1n human plasma. This assay system
uses two antibodies against human BIN1. A mouse mono-
clonal anti-BIN1 (1:500 1n coating bufier, Sigma, St. Louis,
Mo.) was used as the capture antibody and a primary goat
ant1-BIN1 antibody (1:5001n 1% BSA, Everest, Clifton, N.J.)
was used as the detection antibody. BIN1 standards were
generated from lysates of 293F T cells overexpressing exog-
enous human BIN1. A standard curve (R*>0.98) was gener-
ated to determine the relative amount of BIN1 1n each sample.
The determined plasma concentration of BIN1 of each 1ndi-
vidual was normalized to and expressed as percent of BIN1
value 1n plasma pooled from three 25 year-old healthy male
adults. This assay 1s highly reproducible with an intra-assay
variability of <5%. Plasma BIN1 levels were then measured
in duplicate from all ARVC and control samples. For patients
with serial blood draws, the earliest sample draw was used for
the cross-sectional analysis.

Measurement of Baseline Characteristics
Arrhythmia Events in ARVC Patients.

All clinical data were obtained by persons blinded to the
BIN1 assay results. Baseline New York Heart Association
(NYHA) class, RV and LV function, and ventricular arrhyth-
mia history were recorded for each patient. NYHA class was
obtained from chart review, RV and LV function were deter-
mined by echocardiography, and ventricular arrhythmia his-
tory was obtained from chart review and ICD (implantable
cardioverter-defibrillator) interrogation data. For the quanti-
tative arrhythmia analysis, ventricular arrhythmia events
were weighted as follows: history of sudden cardiac death or
sustained ventricular tachycardia (V1) was counted as one
event, appropriate ICD therapy for sustained VT or ventricu-

and Future




US 8,999,659 B2

27

lar fibrillation (VF) was counted as one event (even 1f several
therapies were required for termination), and hospitalization
for persistent VI or VT storm was weighted as 1.5 events. For
the prospective analysis, all arrhythmia events from baseline
plasma draw to date of last follow up were recorded. For
patients with serial draws, NYHA class, interval arrhythmia
history and LV and RV function at the time of the second lab
draw were also recorded.

Statistics.

Prism 5 software (GraphPad) was used for all statistical
analysis. Data are expressed as MeantSE. A two-tail non-
parametric Mann Whitney Test was used for comparison of
BIN1 between the control and ARV C groups. For comparison
of BIN1 between heart failure patients and healthy controls, a
two-tail student’s t-test was used with Welch’s correction for
significant different variances from the two groups. To test for
correlations between BIN1 and baseline continuous vari-
ables, Spearman analyses were performed. Non-parametric
Receiver-Operator Curve (ROC) analyses was used to deter-
mine the sensitivity and specificity of BIN1 values to diag-
nose patients with severe baseline disease and to test for

prediction of future arrhythmia events. For comparison of
serial BIN1 levels within the same patients, a paired two-tail
student’s t-test was performed.

Results

Patient Characteristics and Baseline BIN1 Levels.

There were no statistically significant differences between
the 24 ARVC patients and 48 controls with respect to age,

gender, or BMI (Table 1).

TABL.

L1

1

Baseline Characteristics of ARVC Patients and Controls

ARVC Patients Controls
Characteristics (n = 24) (n =48%) P Value
BIN1
Mean = SD 37.1 £ 10 60 = 10 <0.05
Median 17 27
Age (years) 43 £ 15% 47 +/- 13 0.470
Gender
Male 13 26
Female 11 22
Body Mass Index (BMI) 25.4 £ 5.9% 23.6+/1 0.200
History
Family History Positive 8 (33%)
Arrhythmias
History of any sustained 16 (70%)
ventricular
Average length of ICD 4.4 +4 3%
follow up (years)
ICD placed 23 (96%)
Primary prevention 13 (57%)
Secondary prevention 10 (43%)
Heart Failure
NYHA class II or greater 7 (30%)
NYHA class III or IV 4 (18%)
Moderate to severe RV 4 (18%)
dysfunction
*Mean + 5D

Of the 24 ARVC patients, 21 met at least two major criteria
and 3 patients met one major and two minor criteria for
diagnosis. Eight (33%) had a confirmed family history of
ARVC. At the baseline blood draw, 16 (70%) had at least one
ventricular arrhythmaia event, 7 (30%) were NYHA class Il or
greater and 4 (18%) were NYHA class III or IV. Four patients
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(18%) had moderate to severe RV dystunction. Twenty-three
of the 24 patients had ICDs, with an average length of follow

up after ICD placement of 4.4+4.3 years to the time of the
initial blood draw. Of the patients with ICDs, 13 (57%) were

placed for primary prevention and 10 (43%) were placed for
secondary prevention.

Plasma BIN1 did not significantly correlate with age, sex
or BMI 1n the ARVC or control populations. In patients with
ARVC, BIN1 was not associated with renal function (Table
2). The mean plasma BIN1 level in the ARVC population was
3’7+1 with amedian value of 17, as compared to controls with
a mean of 60x10 and a median of 27 (p<0.05) (Table 1).

Cross-Sectional Analysis of BINI.

Within the ARVC population, measured BIN1 against the
absence (NYHA class I) or presence (INYHA class 1I-1V) of
symptomatic heart failure was explored. In ARVC patients
with symptomatic heart failure, the mean BIN1 level was
1547 (n=7), whereas in ARVC patients without clinical heart
failure the mean BIN1 level was 6017 (n=13), (p<0.05).
Results are shown 1n FIG. 8.

FIG. 8. Plasma BIN1 1s lower in ARVC with HF. Plasma
BIN1 (mean=SE) 1s significantly lower in ARVC patients
with symptomatic heart failure (15£7, NYHA N=7, plotted
on the night), as compared to ARVC patients without heart
failure (60x17, NYHA I, n=135, plotted on the left). P<0.05.
(Plasma BINI1 1s expressed as percent of BIN1 in plasma
pooled from three healthy 25 year old males.)

Spearman analyses were then performed to assess for cor-

relation of plasma BIN1 with baseline continuous clinical
variables ('Table 2).

TABLE 2

(L]

BIN1 Correlation with Baseline Characteristics
in ARVC Patients and Controls

Continuous Variables Spearman’s Rho P Value
Number of ventricular —-0.590 <0.005
arrhythmias to plasma draw

Ventricular arrhythmia —-0.460 <0.05
rate to plasma draw (events/yr.)

Length of diagnosis —-0.090 0.702
ARVC

BMI 0.050 0.702
Age —-0.250 0.249
GFR 0.079 0.781
Controls

BMI 0.019 0.902
Age —-0.138% 0.350

* BMI = Body mass index (l{gfmz), GEFR = Glomerular filtration rate

Plasma BIN1 levels inversely correlated with number of
accumulated ventricular arrhythmia events (Rho of -0.60,
p<t0.01), as well as rate of ventricular arrhythmia events (Rho
of —0.46, p<0.05) up to the point of the first plasma measure-
ment (Table 2). For patients with multiple samples, the first
sample was used 1n this analysis. Plasma BIN1 did not sig-
nificantly correlate with length of ICD follow up.

To assess the ability of plasma BIN1 to distinguish between
patients with severe and mild ARVC, a Receiver-Operator-
Curve analysis was performed (FIG. 9). Severe ARVC was
defined as either NYHA class III/IV heart failure, or >1
ventricular arrhythmia event. At a cutoil value of less than 33,
plasma BIN1 had an 82% sensitivity and an 82% specificity
for predicting NYHA class III/IV heart failure status or >1
ventricular arrhythmia event (ROC AUC o1 0.88+0.07). Thus
low plasma BIN 1 correlates with the occurrence of severe
ARVC.
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FIG. 9. Plasma BINI1 predicts disease severity. The
Receiver-Operator-Curve analysis indicates that low plasma
BIN1 predicts severe ARVC defined as either NYHA class
III/TV or >1 ventricular arrhythmias. Plasma BIN1<33 (indi-
cated by the arrow) had an 82% sensitivity and an 82% speci-
ficity for predicting patients with NYHA class I1I/IV heart
tailure or >1 ventricular arrhythmia event (ROC AUC 01 0.88,
SE+/-0.07, P<0.01).

Analysis of Plasma BIN1 as a Predictor of Future Arrhyth-
mia Events.

Mean follow up after initial blood draw 1n the ARV C cohort
was 3.3x1.7 yrs. BIN1<30 predicted a high future arrhythmia
rate (>0.5/year, FIG. 10) with a sensitivity of 83%, specificity
of 88% and an accuracy of 85% (ROC AUC of 0.89+0.09).
(Given the observed correlation of BIN1 with baseline heart
fallure and the known increased risk of arrhythmias in
patients with heart failure, a stratified analysis was performed
according to heart failure status at baseline. In patients with
mild heart failure symptoms at baseline (NYHA class I or 11,
n=20), BIN 1<30 predicted future arrhythmia event rate with
a sensitivity of 83%, specificity of 80% and an accuracy of
82% (ROC AUC of 0.82+£0.14). In asymptomatic patients
(NYHA class I, n=17) at baseline, a BIN1<30 predicted a
tuture high arrhythmia event rate with a sensitivity of 82%,
specificity 67% and an accuracy of 79% (ROC AUC of
0.76x0.21). NYHA class Il or greater heart failure at baseline
alone conferred an unadjusted relative risk of 3.61 (95% CI
1.25-10.377, p<<0.05) for high future arrhythmia events.

FIG. 10. Plasma BIN1 predicts future ventricular arrhyth-
mias. The Receiver-Operator-Curve analysis indicates that
low plasma BIN1 predicts lugh future ventricular arrhyth-
mias. Plasma BIN1<30 (indicated by the arrow) predicted a
high future arrhythmia rate (>0.5/year) with a sensitivity of
83%, specificity ol 88% and an accuracy of 85% (ROC AUC
of 0.89, SE+/-0.09, P<0.01).

BIN1 1n ARVC Patients with Serial Blood Draws.

Serial blood samples were available 1n seven ARVC
patients and three controls (FIG. 11). Overall, BIN1 values
decreased in patients with progressive ARVC. Patient 1 devel-
oped new RV dysfunction and had her first episode of VF.
Patient 2 developed worsening RV dysiunction and had mul-
tiple VF events. Patient 3 had a continued high arrhythmia
burden (3.8 events/year) and developed new RV dysiunction.
At the time of the 1nitial blood draw, patient 4 did not meet
criteria for ARVC, however during follow up the patient
developed new T wave inversion in ECG leads V1-V3 and an
epsilon wave 1 V1, palpitations with a high non-sustained
VT burden on Holter monitor. She has since had an ICD
placed for confirmed ARV C but has not had sustained VT or
VFE, heart failure, or ventricular dysfunction. Patient 5 had a
decrease in LV function from 70% to 49% and the progression
from mild to moderate RV dystunction. Patient 6 had mild RV
dysftunction at baseline, but developed moderate RV dystunc-
tion and 5 separate ventricular arrhythmia events. Patient 7
developed mild RV dysiunction during follow up and has had
high ventricular arrhythmia rate (2.1 events/year). In sum,
patients with clinical progression had marked decreases in
their plasma BIN1 levels (decrease of 63%, p<<0.05). In con-
trast, in serial samples from the three healthy controls (FIG.
11), there was no significant change in BIN1 levels over atwo
year interval.

FIG. 11. Plasma BIN1 decreases with ARVC progression.
Serial plasma BIN1 values are shown 1n controls (circles,
n=3) and in ARV C patients (squares, n=7). The plasma BIN1
remained similar in healthy controls (mean+SE from 65+20
to 72+28, NS) while experienced a significant reduction (63%
decrease) 1n ARVC patients during disease progression
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(mean+SE from 80+32 to 30x17, p<<0.05). BIN1 values for
ARVC patients were as follows (first draw, second draw):
patient 1 (237, 130), patient 2 (143, 130), patient 3 (74, 35),
patient 4 (52, <5), patient 5 (33, 16), patient 6 (10, 8), patient
7 (8, 9). (Plasma BIN1 1s expressed as percent of BINI 1n

plasma pooled from three healthy 25 year old males.)
What 1s claimed 1s:
1. A method for assessing for presence of non-acute heart
failure 1n a human subject at risk for heart failure, the method
comprising;
measuring a cardiac BIN1 protein level in a blood, serum or
plasma sample obtained from the subject, wherein the
measuring 1s performed by contacting the blood, serum
or plasma sample with an anti-cardiac BIN1 antibody;

comparing the cardiac BIN1 protein level to a normal car-
diac BIN1 protein level; and
assessing the presence ol non-acute heart failure in the
subject when the cardiac BIN1 protein level 1s signifi-
cantly decreased compared to the normal BIN1 protein
level, wherein the normal cardiac BIN1 level 1s obtained
from assaying cardiac BIN1 protein 1n a blood, serum or
plasma sample obtained from a healthy human.
2. The method of claim 1, wherein the method further
comprises determining a cardiac functional classification of
the subject, wherein the cardiac BIN1 protein level 1s corre-
lated with the cardiac functional classification.
3. The method of claim 1, comprising measuring the car-
diac BIN1 protein level 1n the blood sample.
4. The method of claim 1, comprising measuring the car-
diac BIN1 protein level in the serum sample.
5. The method of claim 1, comprising measuring the car-
diac BIN1 protein level in the plasma sample.
6. A method of predicting a risk of poor cardiac outcome in
a human subject atrisk for non-acute heart failure, the method
comprising;
measuring a cardiac BIN1 protein level in a blood, serum or
plasma sample obtained from the subject wherein the
measuring 1s performed by contacting the blood, serum
or plasma sample with an anti-cardiac BIN1 antibody;

comparing the cardiac BIN1 protein level to a normal car-
diac BIN1 protein level; and

predicting an increased risk of poor outcome when cardiac

BIN1 protein level in the blood, serum or plasma sample
1s significantly decreased compared to the normal car-
diac BIN1 protein level,

wherein the normal cardiac BIN1 level 1s obtained from

assaying cardiac BIN1 protein in a blood, serum or
plasma sample obtained from a healthy human.

7. The method of claim 6, wherein increased risk of a poor
outcome comprises increased risk of non-acute heart failure.

8. The method of claim 2, wherein the determiming a car-
diac functional classification of the subject comprises:

classitying the subject into a higher cardiac functional

class when the cardiac BIN1 protein level 1s within a first
range of 60% to 45% of the normal cardiac BIN1 protein
level, or

classifying the subject into a lower cardiac functional class

when the cardiac BIN1 protein level 1s within a second
range of 40% to 0% of the normal cardiac BIN1 protein
level.

9. The method of claim 8, wherein the higher cardiac

functional class 1s New York Heart Association (NYHA)
Class 1 or Class 2 and the lower cardiac functional class 1s
NYHA Class 3 or Class 4.

10. A method of predicting a risk of cardiac mortality 1n a
human patient diagnosed with chronic heart failure, the
method comprising:
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measuring a cardiac BIN1 protein level 1n a blood, serum or
plasma sample obtained from the patient wherein the
measuring 1s performed by contacting the blood, serum
or plasma sample with an anti-cardiac BIN1 antibody;

comparing the cardiac BIN1 protein level to a normal car-
diac BIN1 protein level; and

predicting an increased risk of cardiac mortality when the
cardiac BIN1 protein level 1n the blood, serum or plasma
sample 1s significantly decreased compared to the nor-
mal cardiac BIN1 protein level,

wherein the normal cardiac BIN1 level 1s obtained from
assaying cardiac BIN1 protein 1n a blood, serum or
plasma sample obtained from a chronic heart failure
human patient.
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